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l^i^ dlft sioMfl^ ^ a t tlHi pmitl^m 0i,p9tm^ %9ikwmm gaft 
tlM •taNmgly Mfaittv* 4i9«I« «r nilriiwMMHM titiag r«*p«Bgi%l« 
• ai^istitmwit mioli «• ehlwlni$ iMoli ft*Q« i t s »«g«tiv« 
«i|pil« 0 / \ ifttOA b* •]9««t«d t« b« «§<,• 
^^  1-55 Xfo €.S.U. 
^UUPcetiw i* a»t«ikllar qrtit»»pifrf Air«dtiiiv« to •J^^liia IMS| 
Xng l^d po«t»l.iitiii t&« 90 Gftlltd " tmimmria •fftet'*i niiiiili 
a - I+T 
in ilhitu tMs eottili^iilamoM tti« %ftm% &t di|»ol« mismM 
ttSM«d **Zii&iiotivt SffMt*** 
A&tuaU|r ««iwraOl •ft«<tta sr* p3*d»«at «^icli «r« tiltia«l*2jr 
iibKtifii^Xo «it& d«fliii%« i^yaieal pi^^rtlaa, and idtb 
tiM obj««t 1^ ^kmmim tw^iMv xigbt ^ tiM pr^xwa i t 
ins dssiasd t» Atuft^ r^  tb« dbsorptida s|Mietra <^  au^titwlsi 
b«»s«ms ia ia«i^b^i« soXtitLoM of •Attiiie alkojddst* 
- »^:-: 
$om) hem ^$Gm»m nmn mt^r |5rt»'^^ p^imt ^^ f .1^i^.^il 
,#f K.Pcaif«! far a liya3?a(g«fi, g^m «t «:]?irlittt3.«r'«pWH| 
j l ^ iiiar«#i«« ^^ ia^ta«« df tut tmmif^ asf«%i?t fkilpl 
.W'tlii««%fl« «a l^f ;^>p»«'«o& of the ,ri^eaa* . fHi'S ttii«i|^lil 
ttff^et Oflnimatts «sd th«t ncgatiirft and p«wiMf» fNn^s 
ii^raasa «id daeraaaa tli« av^ragt ebargt af lOiii «a9|l^ 
atdtt to ii^ @}i t&«3r ara attaobed* ftf inv9H1m^m» 9i 
m*%*M and f «uli»g ara lBtftz*»9ting, baea»sa $Mgr «ra 
aoi't^ljr 1»a««t en XafaM*a t3ia#ry and sliov, i^9(k. |ii|«ltJi3t 
•ffaeti kaY* %e >a siailaatitutad for tboaa, a«««Md 
a^^irieaUjrttzt ^^tr to l^itaim agrearaant witli tbe aa^ a3pia«iit« 
It^a&aBiaa elaar tliat tl}a fsduetiTa affaat ia a paifumasl 
|)«Xariaati«t, >'f th« ^  9(«;|.«<|i£l« ^ taadiMto daeraaaa tha 
aT«x*ig« f^pz^t of tha s BQtlaaiia and ta i&eraaaa tl^ at ^ 
tlta radi<|alf i f «« ««[^#a a moneaubatlti&tad aalaeola 
ygi^k TMiamm* •^.f^:/%mim^ri.e or olaeirQaarie affi»t aP* 
aaaantia^tly dti« t® tite raatmaaea affaftti t!ia grotsid laipiA 
«f tba »oXa«ml.# ^im a b^^rid af irartana §ttm%i&f^B$ 
§mm of i^iQli taaaaaaiBg aii fxeaaidva aliarga at pai*tL«ttXar 
oar^a atamt In ordttTf Ibana'iwrf to giira a trua p|i$taP« 
of 2*aalityf a tl^ird affttt }ajM to h* intreduoad, i.a« 
tha poXasd.aa1^ «a of ^ « nonaa^atitiitad nolaeuXa in t ^ 
moaant of attack of tht aaaoad aubatitixamt aat dua to t ^ 
afttioa of tlia lattar ana* itf.t^tit t^a aftaet i t n^iid 
not IM jpoaaibXa to asqpXalB partioidLarlsr t&a 1)abairiotir of 
Clilaro I»aaeaaa9 do eoap«rad vit& toXoaaa* 
fHa thaopy |>ropoaad hy itbaXanS aid Pauling ia not a 
• 4 ^ 
iiN»«iH( vr mil* mad liitir «ii«g« iA 4t£r«Nii% ««l*«iMl 
hmmm Vmw mmmm Amy i t fm% ^w MMmitt isT t i i 
gm\m9 vimaOMmmmmly tni M • aiatt^ tf pvlwlyl* i t i« 
mot pii^ttl* u UwiM tiMM miMmtt niltettl • tmtmm 
mmmi^^m maA tw ^im ppmmn^ pmUm til* pipi^ld* 
•••wiptlMUi Hill ififtiMiii« iJMi JNMiat ia a dtafeiMftlai 
viort lmi«a»« i t U i«it tlM qumtiMit liwtliMP Mi hm im 
••g» tNi p^mimmtlmBk vf t ^ i*«liQ«l 6^ M^ mA ^imiwm 
it« t t f ^ MSMit f^Bdiw «init«it «r ^tfipi in wmlMm 
Miii»iilMtit8liA aelaettiM* 
But 1Mi«MM ma p«lgiwiteiait9r i s imtiastiSir mA 
•iMiiM iM p«t«t:b3.« Ut m%0nAm it* ••!«• «t i«ai^ 
tiMa.it«liv«ljr i f «• wmmm% ^M a^Afiititft «wiltl«i«st of 
tiM a#l««lii* Wliiff* tlW iKflUMM* 9f V«H.«IS fMMli^ W tfMI 
llNliftivt fitS i^t* Tl» fl«lA« t&MMMi-vis %m IM pn t^astA 
%/ atiliig &iMfii0 liMiitifv md niitv^^ iiMi lAlii HM 
•»l*iiiii«i «r tiMi •^ytftti mmm&m tiMt llto i^Miiivt 
%mm iriMi Mill b« l^ ioiii Mii«ilr i>^  ^^ ii«i|$iib<i«ili««A •# 
^Hm a*i«iivt t«XMi of HM wii««»i« «aft wlam Yit* tomai^  
S«in*i m& tiMiP «oXli0Nir«tor» for ollior iifHi^ tni wdi lias 
%««ii fmiA to iivo o«tisf«ot«i*r yosi^to (of* tim mjmmut^n 
itt Vamu i^^  0g gii svMOlf f>*oe*Iiit* /«• S4^ * (BoRSaioro)t 
ia ppooof «na litorotaro aoatieBoA tl)03Po>« io %§m 
m 1$. m 
* # • 
wad X ai% VMqMMtiwir* fliMm llto flgoopwi «S>^ « vitli •ai^ 
mcttiir* tout iM^ U ^b» mmm ia iMtli «•«••» I^ WSM « 
^tMem^mp ffe«% « ^ tm ^.timme^ pm^U^m tern tigifammh %IM 
m mrn^H 1li«% ia Imsftmm mfmxmm^ mM wm %bB flfar«a «r 
I«S*« i^Iff m& H» «iajla^«r«l»i« (St fteys* (%•»• iJHULt 3UI» 
i^tl i ^^%«Mif i i i4 i^«i «lMmg«» tlM i^QVi^a i t e«tfl i«i«ii% 
fiiii*ir %ft ^ lioM ia b^ pUSM ^m i^9% ia aliefiiNiOL «i«Mi» 
4iAa» £iiiii its m0»m9lkm MM tii*' ftiffl»*«Bt val.«i« of tiM 
iriNi«pptiia ^Niftt^ait fl»* tlw &« aii tiii p pmitlmk tmA hm 
ipyNiiid^  iNNMBt #<int!MNNnMt li^ liaoic ai^ w%wt aati> l*i&i^iy t^t 
iiai fSaillir !!««• aoatlir wmA • ^atiast tad ebapfltttrivtio 
%iii^ vMiai ia •% i9ioa^ ITt a /< ia ^a dvyila c^vtitiilti 
aalaealas mi lA atooB^  iiS a A ^ ICHt a«i»MtiMiUtiiUA mmm 
'Bm tasiaia art lit%ai ia f iMa a t:^ isbsov^ tioa «a*m«itat 
M a i «al&ati •• niaai %r «iii t^atita 1 • I^ i T * ^ t in 
i M ^ 2 aai Z^  wUmA tw ^m iat«mii^ of HgHt altaF anft 
tefiopt ptm$m DM Mlaliaii @ aai 4 «NP t^Modt^rttita aaA 
•i^i9i» gt^ioi im til* Iilii«*iitiHP«t pmPiM^A %w ilsti31«Uaii 
l i f l i l ^ piBiMU rm^p&wA in ^latela* 
• • • « r * » « ' . « » • » 
«Ml0 1 « » ^ I HW f iPMa l iM « f OiSVftltiiWM lllllllililill. 
**^  »^iiii liliiiii' t II tBPWM wnMsf ^ ySiO tffifHotnHi fl# H M §1 i j i i f liii 
f t r M ^ i i l i V ^ f Unit aPl»« iMMi^»i««l«Bi Miet a,e«i%«t^^«^^i&yM& 
i m l f «iA m% to t m o liNitiMa. Uakofo* fkkn to idwrn 
liy tlMMliP iMMitoo '9^ HiiMMftloB* OBWiBtitoff to a Htw 
iNMli/Mllitt iftOttt OiM t iK l l l of tilMt HQJOO o f OO WNttMOiV 
^OJ^^^^Ww^O^WOOlW OPOWlMiWIOO| flpPP^^w ww^» ^p^^'W iW ^^WP1IPW VRE^Wi^^" WK^f yl^^^^f wB OIJPO fliWp •^BOwOWBf 
^Mi dteomtlMi iKiooti^Hi i ^ ttot omiotf tBi i t o^^ouJoo 
rOllotlli OMHUSltilAljr WMliUOHMMl i t t OQOll fHWB?l4BCtO iBoiMIP 
ORS Siitt4i.f O0M»^ M b IHMIf 9 i f 3 l t ^ ^ i ^ ^ « i ^ ^ * 
pWOji^t* SOO««N|||F €l.«fOt«IIO «HA i^QB 
) I M M #BtOKidyBOA tfeO itlDOlL BOIMtl Of O 
mmlny ii<f oiMili oQfft fft •ottoito mA ftnA I^JEI^III t lM O O M 
ppomeooiir w « w p o « i i « « o i « w o^tloal. m^mmm w»y 
f l » i i fttmio«witNi^ t N A tiM i i y > l » 0 M n t «r o « ^ oiOooloU^ 
s <# 
ttittMil. wilk IHP ittinmiMUi M I asattODi^  •# liaittviim Cttf* <i»c» 
l^pptM 40 HM Ift Oft |ii9i j£l>« I t i« 1§imm^tm wm 
•Hi tfnt flMiilffi^ e«iill»tillaMi on w^ooit «C « sUfllit 
i^«^t i« i i ti«f£lei«at «id tlMi v««« IttiQitlui of W 
pmiMl§ •% Hw uPwiwtt ft«ft«Bt f t r m^^ i^tlMF tfapaJk 
gf9«P OP t « R i n t i M aft l i l lO l i o M o f ^ M f O f « i | p l i o i lO OiOO 
9i»odlitooo 8i«»3it«MOtti 9hmigm of l^tli tliooo paraMtoPOf 
I f t l» o^octroatt to OIMMO ojieitotioii ttm ooSlootiiw 
i^ofp^oa to 0amp teiooff to outsit porto of tlio 
wiloo»3L«o» TfaMNPo irO| htfwmmVf • mmlwx' of ojcompl^ i 
laio«»» mtAwXjr mmmm&tm oeo l^oidoBO of tomor^o tgrpo 
Co*f * S f lu^ wA SSokli^  Hint tPtfio* f «Fid« 3oi» ISSiy 
U f^ 4100 HoMMiy siftMi mA miNiiPr* 3Lfid« J* ^9i» IS^it 
io ppodnood ailOMit t ^ wovo ioDg^M of tiM tam&Mtt 
fwrntikmiam 9onit«it« fliio t^pmmm^ i s diio» to tlio 
foot| tHot tbo olo«tr«»o «Q»«of«oA boIoM to immv pm%B 
of tlM ftolootilo m& mm mil protoetod fpoa ttkl oxtorstl 
s^ototioAol otmotiiro in t ^ vipoiir ototo* flMjr «ro tlMif>»» 
4I> tP «• 
'lAlfMiltetf ilMUPltlir tilW^ ^IMMNI ifMfi#l> AlMtiVMUl mf! 'fc-^ WiSMt 
WNi fptll fWittliMii^  flMi TKWiitTi vMl^ stnvlMiMl fegr UMI 111:1 wifmii 
mm% ^ tut kntvn la»iviiKl« «nS awisi-eyitUt oriMdt 
• ^ • • v l M * Hi ^«vt ^Smit%iNsm paid p«iNil«Bl«r •tttsliwa 
%• "lliMMt IHRIAS 4wi i>ii (il.!l AW m mnniw tut t vs flm^ titi(i% 
%]MI pfSiiwit sC H^FWicn lorn to,lklte •AXvcsl^  ^imtpis ilte 
i t #»0@Ot •# i*«* i n « I'lgiia fltr iliioli •ptl««X 
•MMlMVMijf IJI wMFfaiititI t^f toy aiaiiir •j^tlmiilyi vf 
wm/amm gatliert* «• Aitl. |«i%ifi«d to «i«i*itot lint 
#lMtlPirtA i|3M»i*i i& tlw «to««f|iti«ii e«tlti^*]i% %o ^ Ni 
^ l^iNittt #«f^nMtii»& of tlM iPMMtiQ anelogiHi mtor tiM 
Iftliwiiifti #f ttM l iol is of tlM «l(Sitionol feroipi ioao* 
awio«9lfo»o«i« liglit ^(jmmmSm mmtVk^m (or »o3^ o«Kao} 
%Ka9tAm OB %lio •omi'tiido of "llio olootrio moiMnit iaiMMid 
ia i% 1^ I^ Mi oloo%POBf|pMi%io flolil of t ^ Xii^ lKt wow 9fA 
tMo iMAaooA MMOBI io ooa^iUoily flifoa ^ tlio H i ^ 
otro^rHii m^^pdUloi infco tiM poXo9lo i^lHl.3ro<. Is 
fttmlMi llMMiiv tMo Miction iWMiao ooooa|ii3.1y tr«o» 
i i i l^ tiMit 0 imrtior of vii*t«iil. oooiUatoro oorrooponi to 
ootli olo«tvtMii« lo*ool of tlio aoloevOLot mA tlwfofiro 
pofwitto to 4f«ip ooBi&wiioBO OB titio poloftoil^iitar OIMUM 
of tte awaoottioo ooBooTBOd* f w iaotoBOo tw 6^ 1^ 61 
%M olNiii'jptioa oooi^olont of tlio lii^ioot •booiyitioB 
^m& ot ol»oiit iift m f^ %m iM tioptooo « »ai t In GIL US « 
s » 4 » i m < i ^ S | i « # y o a i • a i t , i a C g B g C « - * ' K smoK • 
i l l ^10$ mdit iyi i n^Mlii HMMi iA lilM Mniitlitt..i>jf M 
A M t y t t w I I I q M t t n tf 0 , « , . e i , te •Ogrl A M M 
liiM' 11 mil ii 1 ^ m 1 •'—»•' ItiMi" iMyt Intyiiftiiiia m r *i>*m"» —iit %^ 
i l X l I l t lAiA' i n HHI'iMMI (limiltiiflMI' MJ*— « • JMHMIlfltePm 
!.••• 1 ^ t in Idji^ tMNilk iiMi-if|HlliitM iMnft 3jyi fw Hw MPHHI 
«Mt ^ V mnA ^ Wf ip«^p«ittvtljr f i r I t e pmrn 9mi^maA# 
iMhm^ 'JMIIIIMMlJMttkJlHMlft^ MdV 'W^ flMMMIiJk 'ft lA %ldMW!feL iMMMI ^AiMl jfcJWIfc ^Mlft ' ^ UEU^ 
^BB^^P^W ^BpT^^^ Pff ^PwlPjHP^^wm^^WiPpwij^ ^R. ^)pp^i|lll9|iVMP ^W"^ '^ ^Ri'w^ ^^^P^^^^ Tl^PI^^^P^ flBI^^ ^ ^ HP W^IP TBI^^^^^ ^ ^ H ^ ^ H F 
il«IA «f niM iMKcMlit i « ^ ^ 1 i i i« l i t Ufnmm% tm 
'Iter nitfte MMBMrandl in- I^ MUi i m Ic 4te %>o' ivMPlMMitBff 
i « ptiltiipWf UNI iiMlittiiNi 9£tmf% t « ^ nafifiiifit «B4 
ptfF%iiy iKf I^ Mi Mi3yi'iitt!Mhi Stt i^ li^ lJ|NM94tM^ tnin.iiin> iStdbi 
%• IMMUn' @lt «Bi is n i ^ «na. i f «% i U t i a tte iMHit 
di f t«MiS m" l i lt iaifttti iM •aCfitt 1 ^ tiM ii@» i»»a»« i t e 
«». IjL 
m i HMMit l i l t in « l l ^ ii i«lii^ ytfli 9« @llt Mil tilmm 
niriiitiiiii liyiiyHHi i n K lar i^tea^ m • IMJ i r i i la 11 i c • J^ fiiMl^  
ttHf IMI jMPWMPiWlt Mt imJLMMIi llMI Hit lA itf l i l t BIAlillilMl 
t i l l ttimiiifM i d i i i m i>glNna't tif U M I iioljHHUidMlilif 9t 
fllWP^^iFwT^ IWMV' ^ ^ B ^ :^^J|pKW^ wP^^ flfc^^ (^^^PJ|F ^Pl^H^WP "WNB|W*Bp " ^ P W M | ^BPaH^P' i n 4 k f f " ^ IBS' 
^I^^V • ' ^PP^ • ^pi^^||^^^^^Pi^#^||^ • ! M^IP^p" ^P^P W ^P ^P^P^r ^ ^ v i ^ V iHI^Ntt ^l^pVP 4RH^^*' * |H | |P 
tlMi PCM ••3Lpwi% I^IN^ wNlf ttMf iBiA A i l '1*1 ijNKtt"f i ly» 
Zn %^ P MMI fl #IPpiHMl Pt itttl l P ffHHftlhMPiilll^ ittHRIpM 
TP^P IPP^^P P P ^ P I W I T B J * '•Pi^^^llHlj^W^PM^ ^^f ^"fP* ^PB^^P ^PPW^P^P iPP T^PPPP ^PpP 5^P^P w^ ' "^^m^^P PPPPPP 
1% fpiliiM«» Hut i% l i lilui tMA #f %^ fppitlw i«if 
nblMb c i ^ * Xa II I* p*^ mwmmmAf t^ «pp i« nt i i ly »• 
10mm m^ wXXiM ism k milvii nnti i f «% ttil« la ^l» 
^^Jj^RpP^^^PwP ^P^P ^phpMP ^PPP ^UM; ^FPP^^ 
itm %]iii ii^pppii^ypiitti* tiip 4fliiiupMvip pf^p'tp tMift 
^ p ^ ^ ^^PPi^PI^P P P P » ^ P ^P'Pf ^^^P^flp p^^^^w •'W^WWPI|P|'^P^PPP VPVMjj^pipPnPI' ^ T P F ' P P I H W ^ P ^^PrPP "BPHPlW^^PP ^ P P P T T H I 
^P^PI<Pi ^ P T P " ^PI^F ipiMP PP «pw^^- ^PJjPfcP^P^Pip^ PWP ^IP'PP'P^w^P ^PMP^iPHWP •(• 4i^ PPP 4PlPM|kPPP ^^PP •p^WP 1|P^^W 
ffiPiit iM«i^pti«i ^ppi flPt Pi f^AXmm fm iStm %^ m mA^ 
• 11 * 
^'^ ^|r jpWw ^^' i^lBH^'WMi^W ^I^WWP^^ wK ^p ^fe^^ 'IW^^^V •i-'PlF^PiBliPW ^IWB! ^ ^ ^ ^ p aF^l^lw^^ T I H W ' I I F ^ I F • C ^ W ' W ' B 
INI l i l i Wl F l f i f i i J Ml #MVMHiM|Vli jpf'iiiMI m i t in 
l i u i M n i M i M mg^Jugimmmk gmA liJIiiiMlti •iliiiiit •tiiii MW ai* I I I M oiMyiMtti 
wilMMh 1|«MMMM^^ |||mg|||M{«|« t m ^ M t « 1 allBlPMt Hpy Midi 4ft kt t 
Birtillitiifli slMFtibyb liflwi iiifrtii!fi,«l*i lyidLi •«i>i^«y,Mu 
i^nwtf^w ^IPwPP A 4 i v V ^ ' " ' * ^ ^ ' ^BIP^wP ^p^r 4PimHMlM^^nll^V J M W » ^ P M B I ^ P '^ i r ^ ^ ^ P w ^ Wr^mWf'Wk ^W^flpWw ^^w 
i« «liii9.4^4iM(l • « • M^t>i Mil «ii9 Wm% ism mmm 9lM 
JKwQPw •P' IWP|^ JMP^«M!|^ Wl^mflw JW^W^P ^ P ^ P •pVnn»4 I^M| 'wVHPw'MA1| ly^ d M W P P ^ P w W r l W B 
t ^ r«ai«t INT »#^ t« M w w I t a i itei^ cf i^ ISA $IM 
—ijMB—> fltaui adii A-ittift t t e i f f i t i t i i f S iA iwlaiMt MiitfMiiA 
'HW' 111111 aHi l # t iM vwii'l^iM l i f t Iw "yui 0 a^MMi ttC ^ bm 
miiftliA I iiPMltfi H M I M I Q tfiiMi* itfi ttui %• Mttfi f f I I Hit 
igl^l^ ^^fl$%i lytMl HW* lin^lrtr %llMI m i i l MMNI t A ^IM 
•IMl'il.tm^ ilnMte IMNNHMHI Hit ^al ii1ti#tlll^yi 
atlk%atm<tk€.tam • M M P % M A P — f c f M l M r | ^ < l l l M f c gJj^^immgmaUfAmm % j M M | k p 
'•BBppPBCTBp^^^B^P •p^w ^Pa^'^BPW '^R ^IWBP^P«P •HWt'^p^iP ^W^* ^^W^P ^^Wp^P Wr^^^^"^P ^P"^^ W^^ 'W^^^^P^^F^p 
^ ^ ^^f/iwW9l^w9^ l|lwi> wHIHf# I P ^ ^nH ^ % i w«» l^ijite. ^^IP^t- ^If^P ^ J l *^ *A %^iMfc#j|fc 
liflliiil'lli—ttlillii I I I IllliMIWlllMPlI MM||i. itf | ia Utolk l i M djkMAflMjitt^  
i i y M H M itfMi JUK I n U M I ^ '^'''^ •'^  i # iO t t i fl# >iitttlM> MlyMMA 
^ Jfc %w<p# TBWW* ^ ' Jp %lpWfc||^ J l ^ ^ llM^P W w w v l H ^ ^ I ^ M ^ V v i l M I «lwAIMUpNMj^ 
JtMMjfiyMjngr 4 M t jn i i l l m i i l l H f l l l H l l M t l tWI i l^tai i l f l t f **fc**«-'*'^  
tiui AiMteMMM jtf W Mui Sik « iMii^ HftMUi* muA ilHMi Ui t t 
^^^^^^P ^j^'flJ^^^^BWrT^H^^H^Bt^Hr ^^^W "^ Wff ^BiP'^^PW ^ ^ P 1 ^ ^ V | ^^^^^W^^^^^^ ^^^^^^ ^ B ^ ^ ^ ^ ^ i y ^ ^ ^ ^ l ^ P ^ I ^ ^^^^^^^^^tp ^ ^ ^ ^ P ^ R H ^ B I F 
tfm iiiPiiHl lift 'tiMi iii I i!liii0wri%iiB<i cdf iikHi viiiVi 3 t i n 
MbMM itfMiMiillMtf iLii <1MI iitwiifliiiiiBi'iili II buA i d U ^ UMI ^utt^uiL 
• m a i WHNt t P l T f l B I I M I whM» Wk Mitt* I^ JbMf^  i t t 0 I M i m 
SMftilKtBai i l d y i ip||Mu|g{||[^ Mp « ^ MUft.jMHiaAili-taiw i t t D MHl4' t iMI 
w^' ^^^^r^^ ^PPBI^(^wW ^ I ^ ^ ^ H B P ^ I W WPfl^PW^^P ^ P F ' B B ^ ^ ^ ^ ' ^ ^ ' ^ P ^ ^ W ^ ^ i^^F^W^^F^B^^fr I ^ ^ ^ ^ ^ P P ^ P ^ ^ ^ W ^ ^ ^ ^ I F S < ^ ^ ^ ^ ^ ^^W J ^ P ^ ^ ^ ^ ^ ^ ^ ^pp^^^ff^^W 
juftjigl^ ^ttft^^^M^ ^tfli^%S ^^ l^ glg|b^ Mt % <|^|u|k A.il^Mtt'ilMUttMA ^ H A 41'flfe dHijItlll^S^JMHMflhHIMIflMMHtfl 
>BMi B i i t lb ik ^^yUi ttpoibiMitf JtaHi% H u i i l i i iwBt t i l ^ l M f c M i 
^tW^F T P ^ ^ ^ ^ B r S f BBWWWP^B ^ ^ « ( ^ i ^ ^ W ^ j p ^ ^ • P ^ W ^ P ^ P ' W ^ P J P ^ ^ ^ ^ 1 » ^ ( ^ ^ K ^ p ^ B ^ p ^ p p ^ ^ P ^ m ^ BP^^f ' ^ P ^ p W P ^ I ^ ^ ^ i p ^ 1 ^ ^ ^ ^ 
dmraBBBB tiMi «MIJJUHI • i i r t t f jtr- BHIA ^ M A B M I i s npngn I ^ M 
HI , Mfhl T l i PBl'iap* liPiaiiiMm mmM A M A My i m l ^^yMi 'li&MMHIte ^ 
A t t j a rihlnrii t B l iMi i i t^n^ttm i^ HMBB H M i W M i i f t i i i N i M l i i i i t f b 
liHyi^ PIB^ "^ ^ftfiK^^^lfft^wtfJF <Pp"WiPBwlr^ RBBBIWP^ W f^f^ BliW ^^'^BP ^PBW^^^IP^^B' | M ^ P ^^W'^W^^^ffRi^PI^^^^W^W ^p^^^^^p^^^^^w 
AM 
1 t # ' i S n m ^iifc*li*i*ia*'ilMMiali*IMBJaMit ^dte ^yifciii — l ^ a A ^ H M J d l l l . i i g i i M 
fllXttHitfAflttfllA^t. A^l^fc kuftVMI ftgHyiggf HJHSft^^vftAdllM 
• * • « 
4i^  iMM tdP wdiitNi ttlMllite 11iia.i iiMMMa wnni t Iw i i ^ 
%iiiiiMi iiMMNNi <Nf iNdLiwiiilillitir* 
• • • 
Inaito* liidMli ifM <iiit ^ Wtlk «PMMiMiyi« «iii[it«fui. l i i l t a a i 
•apv piilMHMii W liM 'Mtf'iiiiiiiit 90t pMEiHliWi iiHs^ jii—ltMia ' 
' " ' T ^ ^ ^ ^ ^ F ^ W ^ P T I W ^ P ^W ^W'Wk^il^^F^V^^p^V'HWK^p^Mf^^MI ^ V ^ ^ H P PP^^Pp^ipPBW' •iPpfc^pil^p^P'wP ^PW^PWP''PPF WB'PBWIF H B B P ^ W ^ W B I 
# • t t f gad • Al iPtt l t i i 9<MN8P« ^mp wmmSlQLwm ^mmm m/k 
' ^ I t t lS l i i i ^^ t tA %kMl^ftk^^^Mk IBtlM^^iHill^S^tf^ A4bMi<li % MAHL. 
l»wMWi> ilMi 'WBMMI ittiMI AiH %i flB itiiiiimitiira a# wMiiiiiir 
dlMV ittjfJwPiWiit of t te « gM p pMit i i i is in ^bm mm 
•&#i MMA UMI 11 iNHi.1it'fi# in lyMi oiiMH^ %9KA %W9% INMH ^ M M I 
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^ -^ '^ J^ '^ t, 'J^/'^^^*^^ 
c. 
/C P^3 V^fl/jnva_ 
^ /<U;>^ 4 l ^ 3 o * C 
f i i l l ife* «t«^ of ih9 ^mmitim frm ©©•••lint t© •l«<^@«ftXti^ 
^ ^ i g » iB IOM ©»•• «f «i»r« ^ i ^ « c ^f i^e i l 8ir«eti»r«ii^tli© iri^ M p^n- ^ 
{ ^ ^ ^«etra ©f altrsi©© m^ sal^t©© la tb© vi^eor »H^^ iw^m^, 
^©arl7 t ^ t t^ Mi© Mlt© aiMbit © e©»v©l«^ bend li©lap©©ifr«©i©I «©§.-
e^^B ©t i8©Ui©4 iaiivl^ua iiel©eml©©t i»©« i s ^© ©litip© ©f ©i^ 
lAA© f©ro©s saoh a© ill©©© ©f lir^Glysi© oar ^© ©rystal l«>tii©©* iM^ 
tMf tiorti tk© i^de |»ot«iitiftI oorv© Into a r^pelti?© ©a© i ^ m% Wm 
wmm tiwm inU Vm,t ©f ih© I©«©©t ©l©etr^ii© t©im ©f t ^ w^Btm^ At 
4I» mam t^M i t i t ^©vn i s purt I ©f thi© th©si8» tliat ^tr©i«a I© 
als© i^itaoGvalmt ia soltttiens ef ki|^ ©©i^ «!itrati©»8 ©f t©travaligrl 
mmsmivm ©ait©, W© liaT© thwrafor© tri©d t© ©ztwid wmh ©z]p©riBi©Bt8 t© 
fbosi^atwi ai^ th© faXlaniag i s a ra^^rt ©a th© r©mLtB ©btaiaod ia 
tid© ©@iia©©tioa« 
It wa© obYioa© fron th© very b©giaai&g that th© ©ta^ ir of |li©8» 
|^t©s aad th© d©rivatiT©8 of oth©r aoids ©f ^ s ^ n i © ©ill ha mov 
l^ffi©Blt than that of aitrat©©. Mitrog«i, for iastan©©, forn© ©aly 
©a© k i ^ ©f aeid ia it© iMmta-eovalaat ©tat© aad ^© kiM of 8alt,i«©» 
aitrie a©id aM aitrat©©, « i ^ th© ©tryotoral foroala ^^"^^^ 
A ©ii^ lKT ©traetor© |^ r©Tail8 ia aatatpbosfhorio aoid RH^ *^ Imt ia 
©rth©»|lio8|>horie aeid R3FO4 ©a© of th© doahf© hoad© i s r^iaoad hy 
tv© OH gr©iq)8« l^is r©8ait8 ia ih» prds«^©, of altog©th«r tlur©© 
l|Fl^©g^ atoBis ©r, ia th© ©alts, ap to thra© n©tal mUmit i^oh ai^ 
h©e©M «l©et]*©¥al©at ©a© a f t ^ th© Qi^vr» natural^ th© disaatiatiea 
^astaats for th© 8©eoad ai^ third of th©8© hoad© aast 1^ ifl««r ikam 
ik^M f©r th© first bat iasfit© of that thar© stumid h© ©^uilihriaa 
h©t«©«i ioas meh mi FD4, ffl^f» %H>|» ia mf s o la t i a . It f©llm» 
tlM»r©for© that ©aljr tl^s© ©elati^is for #iich th© ©qp^Uhrios ^ » 
hwMi iliift©d •©rjr oaoh to ©a© ©f saoh i ^ ©aa h© tak«fi iat© a©©©wt« 
m^ aU ©tlMT© l»Y© t© h© disr©purd©d« A ^ i e a l iastaa©© i© ^ttit ©f 
a ©oXatira of PgPg ia watir, ©hioh e^itaia© aot oaljr th© imM do© 
t© H^ FO^  hat also l^os© prodte©©d ^ %%0^ an^ ^^3* *^ ah©8rpti«i 
i^i^tmt tli©r©f©r© vari©© with ©©aowntrati^ Mi aad ag© ©f t ^ Mlati^ib 
m^t^^st ©©as«9a©a©© of ^© ©xistme© ©f ikrm ©l©etr©t©liRit ^mim i»» 
i^% ^inkKfrnram }mbMm ^M Xattia© foiats af th© ©f|»W ©i^ mB^-
«^ |»a ^ % 4« f i9^ IMi^iimitilp « ^ i f & i ^ « Im^^ i ir i^Ni^i for ifeiili 
iMr i^ ieNNM wmm mnA^M^ fw ^9 nlim ri#I«i ip^i^m nMI^  
«MHr a « i^l«»iMui i^^0m or «s« wi#^  msit U^m^i \i^mm mmm% 
0hm^ik mmimm iiiliiM|r# He^ ^« iqN»t^ Ni tMu i^ MiriN^  1 1 ^ ^ 
p ^ # M # Mir«o «f ^ # t n ^ OBljr «iMr«]r ooatlaiMiii % i ^ aliw 
hi 
mk 
I s ^« lBt«mil^ wdimt tra»tiiil«^«B tlaiSNiiiSk ^ i i»lii^tai« 
e « t ^ effliemtrfttioB ii^ r adl i ^ %i%t%i tii^ Miliil^ Mii* 
d c ^» IM^ksMs 0f tb« «eliati^ li|r«r IB emit 
li ft. t ^ «K^lmti^ »o«ffiei«st i««« tii» r«cili^ ?^ €al «f Hit 
VIO til 
|k« tiM« of ispoiiir* for tz^iBHiissi^ of X%^% tlyfei^ tiio 
solvoet urns takon M l/iOih of t&« tiao ^^pi^ Vm ool^on to ^ i l 
tl» iBtmsi^ of l i#it wtM ro^eod tin titwMi giYlBS ^^ Vft^ m «f 
log I/IQ^ log 10 r i in tho «boYO fon»l«f sad k^ l /#i 
Sotiarftl twin s|^tra ooirospoBdlug to #fforont vwlaMi^ ^ oi 4^ ^^ 
d^j^ oiOBO of tho solvtioffi vitli a knows eoadttntrati^ e «wr# %Mkmk m 
HM Mtto |»Iato %grj^ wtaaiiB*8 aia^fl^» tlbp tiiM of ^ct^niro for tlto 
•olvoBt boiBg J/i^ Hli of that for tiM aolmti^, ^ oai^ ^ ^M t i ^ 
I9««^ tm «avo lingtlio oorroqiimdiBg to Ofsa^  inioBsitjr poisia «i«^ * 
4bt«r»i»ad aial tbo valuM of l^e ^^ ^ (^ V # v»ro f loiMN^ % Ipfafli 
p«9«r vltit imvo lOBi^a as iliaelaaaft* fkis irooo^ro waft si^tici tor 
aliEoag aoltttioBO of ooBooiitraiiaii es 1. 
;y^ wm&m aolmtioisi #f o^^mtiNitim oftl/S0 tba MH i^a ««ro 
^ ^ * i ^ iwi i | g k Ya^ H« m l i^ioi^tJiott Ofila of Im^^ %i^mm to 
i l i M mim r«fdr«i« lifliiiii irtl^ loic^ l^^ t^^ia IHM #e^ oimiite^ 
fi^l» w^afaetoiqr iNi^ ^na 41 iiitr#teod i^ «rr®r of ^ M M acynsi*-
»H^ isA i t i w mtrwuajF #ff l«iat lojuaimtiMb H^ i ^ i i ^ % «f i^ ,^ 
^''itt^iaasi o f -1^ Wsm^ to ^av* illMvifofa aaiMii^ 'r^ WM '^ 
i^ lfe. ^p«tm-al :t^. *8^^iii^.4!^.^a4iiw 
^••J'-S £>....*» 
•f'liifcii'iiiitiiiPftiHii i i i 
^m #f 36oMe»« It ««a N wmm ^t tit* t ^ t i i l liiffs iA1^ 
•h^ h m^* ic ikmt^tm «0«i for ll» wodbMi* l^kim ^^ mmis^ -
ItBg idi«0rpiioB tis^ #f diMii«iimft 8aic4 mm mm imAir*^ A 
«id^l ipM^^ of ^m wakBtmmm %tkmi la a iMm % ^ vis l&tri#i^id 
i ^ tlw lUKHil an^mtir rnvmrntrntA for 
tlaMi ia «t AloetrieJu!^%»t first •vaswftiid mi ikmmtiftmeimm 
-^^m^Sm talMB* ^am ^ ^^^Mfftlsr* imsjrsisiii to t^^m%$m% m^ 
Ims^^m^mi^ for wSmmk m hmr vitli tbo p i ^ rBmi^ iB ex^ Nr to 
«4plil f U iMil«r f«iHiir f^ PiM tho Mat« HMHI t ^ imq^Alffiro mm w^iM$ 
%o fooiU^M #f tlM voiaB of 4i^mn^m wm4 
roo^Ai ia otmNiriowa « i ^ o^#if Uiwi 
jl^ lipi... I^ir^til^ Oft ^ 1 oi i#«ol fdii^Mi. 
•-liLA. % iilaifaii.# 
, Silo -, *Q«2 -0» i . .,,'••-
•»ffMrfii^ 4«ap«>-'»MiMr«.-« » • • * « » * t),immm]mr»>m'>'4i^»m 
.r*^ *^ ""' 
" ^ " 
AIN»l i»Jf** .«*>^«* 'Wa>w«<«<! i i« |<»«>Mai<aw<»a>«»a>«alr i» « * « « • • •^•>«><««<l iMI> l>pr»«, 
kb. 
«il^,^li»' fi«itii^- vf %Vi^. itet «f 1 ^ ^ -^^mm « i -^« 
iHat!telf|tii|i^  #f tfjTBMjHitTHttitat Q«d«l »tMir Msiiteii'^ laiA tiiijt" 
^ I N P ^ ^ # ««pPi 9«ii ^ Ito* t# t i l * d»vftl«^ J ^ i 
#tiBM«i m^rnmh^ ircm to i ^ ^rtl^nsid. It puuMMMi mji^m^ 
msi wmOX mmkmm mt X mm for e s 1*0 iMek wlwl^ ^^ipMns «» 
fit^ioit IVtt %• etnsti^to of tloetriljriio iiimote^^^ a^*^ *^  
1^ 5^ 04^  It"^! a«i kg-Li 10*^ l i i t ol»vio«i8 that i^wi t l» t i» tej 
•fpiMl^wi of ^ Ml»M«B it tiiiftti in t ^ ordtar B^^^<^JR#im|^ 
« Ibit Mitefli Ite'tf^trt %tl^ii to tbt H^^ iM^ ] 
«»liiU«ni #f J i ^ ^ tl» iMltowKK^ mm l i t t «t X^iMft i» 
i | i t ^ l i M ( « ^ ibttt «f I ^ ^ i t li«t m% Xmm, ^ t t M^ . 
I^^Mii mA It i t loMNii Hiil^  iwliiMwM of t^^ em^^ wAmm ia^ 






^ ^ < 
^ T ^ ' 
rt^ -
^m^^ 
^ '^ j^^ , : iB^ llMir «Biill;t « l i« i« 13i» mitt 4lffii|||iii|iMM- i^iU « 
•dt M^m^ i3^ mgsmmm m^iMmm,iM ^Impt^^smwi wmimm MmAm iMem 
i mmmmiscmUm i^ IWIr % ^ O.i ) l i %wm$ Ift^ Xa^  pM^m 
|i».4^^M'ffii 9t W^ 9f mmmm%mUm 0*1. t|^ «HEIM».4«^ i^ .-.J^  B0i^  
•-mam «f tNK «N|^isiNiMft 'li|ii^.-|^ ^tmm^ i 
#f Uto Hiil ilMiiil lit 
"^0$]lumm mm #f t^^W ftaiftft im t^UmA If tn «|: ,^M^. imilk ,Wmmm .i 
.jinm^  # 1 ^ ^ ^ ^ i U^* ^* ^^ ^% VB^ ^ "^v* «itt»ifcMf^ i^|i^ - .<iw» -' ,-
viAl villi ^km 4ilHyAei^ df tb« n l^d }m&m frm .^mtimi.:mms^mmv i 
4iiii^ ;.Mi )»• Mdi* It 1* ikmUm l ^ i tfiiit 1^ fm£im$>~-^'§it^k'^.M9p 
«iiMI4» pirt ^ of l^« ^«ilt , «iU ^i^ mr^U «iA « m d«itti«i 
J|4f lAU b« dbft to t ^ fsot* t^t 1^0 oao ooltttiom ei^^ii^ gt ^ j. 
ffMpr B i«»« i:iio i^dNi^ i ^ «1^ ^ eoU«oi it groftt^ r »iMr ^tm^ 
MAiM N^i^ iMi t^r#f«ro kiFO ^o Mispr 4iiiNirftti^ ^fftft* «yi«l^ i^ 
iHitt hmm sMBt ift IMW I^ If a^ft tlio myfanw toovrds ^ x ! ^ fMO i 
~,pit0il60k ^ ^ elM* M^ 1 ^ JwxlMHi of ^^^^ !»•• of i ^ 11% iifi 
ilos i^ otiai Imm^ mmt. vts \2gi0« ^J.« m»% bo ^w tt lli# jMi^ 
i^ mg If^lfmet If iAii«i 111* two i ^ o Nsdo «et ^ nn^^iy^ It Iii4 
iMMH i^pi l» ifri jw ^ t i^oriiag to lliojralo of ,H$tm'mA-^mt.i 
0'9jffiMwp imkim^m f|'«l4 of «t,-fosltivo mm eoi^ olido^ ^Mi. t^^l^^. 
.mmw^Kt^m^m* tMU^ii ^mmti» j^9r^ mf«»* S^« i« t^w wmmt^ \, 
NUl^^r of imm ^  laAiko^Naio fwwi^ jpirp Jto i^s^m m^Um4f 
:'jM|gg||ff, m& imm% immmm- "Hio 4iotaiat;.'^ MiWMB 
4iiinigliii:| UmBmemm mm^imf -frot -tte* b ^ « i ^ ms^ymB^^m^-'^^tm-iomi/>>,\ 
^fkkmk^ mwisein w»lma3i,^ ota b# fa»t«di ss l»i^ii^« j^»%>li««mi, 
^jiiMiiiytel Imi im l / t '#^%) H^er «M»fi#»i -iitm^m^mm'^ i^a^^ 
•:P 




^mst-.^atm htmM aiykf mm}M i^wmt 4 lAi^U m^-rm§^/^-^-tm 
Wi^imgktmn « l^ W%^% l« Mi^rii^r ^y«lwii--i^4|i,iniin.; _^  
i ^ ^ |ii3Wiff«r« i0«8 ji»l^  IMilg i t ^ ^ i^r« i t vnoM 
1 ^ i|itt «f «m^ #f tito #1^0' ^ 1 ^ Ittt yields «de9riiii||^ 
i M I a r |Br9«iMiiQr* is m%§miAWiA tw n i k ^ i ^ jiai i t witii t^tHBNii^  K ^ 
tM» i^ NPitts m ^Bm$ ^ M]^ £ is ast ekl9 ^  mMH% fii» ^ l iM^ 
\m^ i|^l# i^is i« i^ «iriM« fiat P« ^s ii«l« #es^^m !•» Immmim^. 
' i p i t - ^ ^ iNNpr«it» I t i»"9iiii4 f^ di«tsK|s..MslfacilM ^ ^ «ad jlsiM^.:.. 
i i %mi§m tm ft^ i^ Nii^ i^ lii|^ yM i^»# kmmm^r^^mtm ^^ i^i^ 
mm^^li^-^m.timmimi. iixpsM.«i« %^m mimitfm ^ t «p|piMig «t 
i^i» mm ^mm^ ,.tSsm$^^.pmM*M ^w^0i^.W^-m& Im 
# « A € M-
<, i ^ H ' > ** ?^.;5*4*n-^ , 
^ t ' • ^ ^ • ^ 1 
•I?i 
'f,;4 Ini#cJUft 
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/C /^^^ ka^L.^i-«_-
In order to extend the work ^ t ^ friP#^^ and hH eolUborators^ 
nm9 riami inTestigationa in this lafeor&t^ ry hare been directed U* 
warde the study of the transition from e©*falent to eleetroTalent 
lildcatei in the case of more eomplex chemical structures* The absorp*-
tioa tpeetra of nitrates and sulphates in the vapour state ' indicate 
tlearly that t&ese salts exhibit a co-ralent bond between metal and 
oxygen as isolated individual molecules, i»e« in the ab^ipe of out* 
side forces such as those of hydrolysis or the ery&tal lattice, which 
may turn the ionic potentisd curve into a repulsive one «Rd at the 
s«ie time into that of the lowest electronic term of ^$' ^st^m* i t 
the sieie time i t i§ shown in part I of this thesis^, ih&t nitrogen i s 
also pentacovalent in solutions of h i ^ concentrations of tetra*alkyl 
aamonltjffli salts. We have therefore tried to extend such eiperimaits to 
phosphates and the follon^ng i s a report on the results obtained in 
this connection* 
It was obvious from the very beginning that the «^% of |feo8« 
^mtes and the derivativfs ff o ^ ^ . ^ ^ | i ^ f ^j^su^w^mmm^m |(#«©re 
difficult than that of nitrates* Mtrogen, for ina^tei^t^ fcras only 
^M»*Mni%f 'tM In f^^m^ikm^%' ^tate and m^Wm^W'm^HU^* 
nitric acid and nitrates, wl^ the s^ructpNi f.^ ^11% ^ ^ p i l # i | 
A similar structufe'pi'evalli iW^^^^^^yti^'-mi^it%0-in 
orthc-i*osph8f ic a^«^|^4^i#^^^lf' ifodhle ¥M& I t i^epIU^ ^ 
' I f e ^ l l l i i ^ ^ 1 tjml%^ 4n'th# presenoe of altcge^«^ ^r«e 
kfdrcgen atoms or, in tfit salts, ttpi© Ifcrce a e l ^ atoa^, i^eh migr 
become eleetrovalent one 'af^ l i t tf^l-. fafeally*^!^aisoeiaiion 
constants for 4^ i t | i i e« #^'^^-^of'-^cse bMsiiteit he leww than 
those for the first but inspCtellf & i \»#ri^"'it^il^ he equilibrium 
\etween tSSt'^^dW^: In my sclititoi It follows 
ttierefore that only «b^«e iet#fo^'%#'i(h4^ t i i ^ ^ ^ ^ 
been shifted immJi:W^^^^^'^Xi%^i^^.^,amm^, 
m all k^n h^m^i^^^mkM: A'tfpllai^^f4l^%r^fof 
t© %tVOA wt «Aj!^  i^mr' 
jsntectniffi th t t f f l^" "^ ' 
i'^ .tlil'^-^' 
W i K ^ 
l^i i i i t^mct inly i&m'fm^^'f' 
'iM ik)3. Th¥''abiSr^rm, 
i^ s^'^ alid'aeJ^  of the solaticar^ 
Sr|l;^4»*«l^«^^«^*^*i''»s^ ^^fi^s i's, 
;^'y^«i»r^^'W ^m m^UX are mau^ 
h ^ V ^ ^ ^ i ^ ^ ^ ^ m i % is therefore 
possiil . to ostein a Tap«tf preseure bigj> enough to *t«dy ^W.w.orp-
tion spectruB of the rapour only in SOBS O»9«B «ueh as KPOj «P fflOj-
i tseUi »hWoaB for compounds with tarb or three electrowdfotJ^o^Lj ; 
siitfh as KJOi sufficient Tapour presWBW cannot bo proi^ef* ^f-/!;!^ 
p«raW« nhich excludes the possibility of themal d9«««^^^i^*«i .C 
j^-^^Xecule* A further difficulty is that the indioater &i:^0inB^ 
decomposition, i . e . bands comparable with those of NOg a a i ^ t» the 
ease ef nitrates and SOg in the case of sulphates i s missing for tlia 
<rfli9pounds of phosphorus. Furthermore, no quantitative mec^urora^ts ^t 
solutions of acids of phosphorus can be found in literature iriiieh 
could be used as a guide as in thafease of nitric acid and nitrates. ;; 
We present therefore in the following only those results for wii^; 
wp c«» be reasonably sure tha.t the spectra really refer to a particular 
aoleeule or ion alone, disregarding al l doubtful cases. It can be seen 
*#wtt they permit certain conclusions with respect to the structure 
jijM^ the character of the bonds. 
T i , , 
Eiperimantal Procedure. 
For the absorption spectra of solutions Taribus experimental pro# • 
'^ ^pgares hare been worked out which are all similar in this respeet that 
ictrum of the solution of defined concentratioiaL and thickness of 
layer is ooBipared with a spectrum througJi"tlie^olT«Bt only, 
through the solvent is weakened by varioue aedianical 
devi^li'% a defined percentage and if a wave length i s fiund for which 
both spectra have equel intensities en the same plate the extinction 
^^^0«lfficient can be calaulatpd easily for such a freq*ieB^» fhen only 
>|^|^?ources were available for the ultra violet r^ion which gave * 
ei%i&i^  a Hentinuous spectrum or one with many lines, but were unstable 
or had a variable intensity, both the spectra (twin spectra ) i . e . 
throu^ the solution and the other throu^ the solvwit-had to 
i t l s siiirultaneously byl^eans of the rarious optical and metitiaiiieal 
arfiwa^enis. Nowadays, ^ owever, the continuous upectnp, of, hydrogen 
provides a ee^ce of l i ^ t not only entirely apistii^ji j ^ | . aJiW 
quite stable pre.?idedjTOcb a. cc^truetipn of »|f:dij 
<wn^ lrtyed whi;eh wo^ ks i|^ tibt etsi^ toliitl ^aa » Fgr 
1 1 , • » • - * * ( ^ 
'kt-
18 c<«ipouiid8 were calculated by the foraala «f, 
l#06 basfd on the assuiaption of Lambert^ s ^tSM and Beer^' 
If, I^uthe intensity of the incident li^t. '^ 
I «i the intensity after tranfflsission thi^o«^ the im3:^M<to» 
e s the concentration per mol per litre, tak^' ai*oraf*: -
d « the thickness of the solution layer in cms* 
k « the extinction coefficient i»e. the reciprocal oC tfa* 
thickness of the solution the'passage of li^t.thr#u^ 
which reduces the intensity of the incident lif^t to 
1/10 th 
Then, 
, ,_ ^ «kcd 
I / I Q * 10 
log I/IQ* -kcd 
k a log IAQ /cd 
The time of exposure for transmission of light throu^ the 
solvent was taken as 1/lOth of the time through the solution so that 
^e. intensity of light was reduced ten times giving the value of 
log I/IQ» log 10 8 1 in the above formulaf and k «j/cd • 
Several twin spectra corresponding to different values ot d, the 
thickness of the solution with a known concentration c were taken on 
the same, plate by^Hartmann's diaphra^, the time of exposure for the 
solvent being 1/lOth of that for the solution. On each of the twin ^ * 
.spectra wave lengths corresponding to equal intensity points were _^f' 
detexmiaed and the values of log k «log 1/cd were plotted on a graph ' 
paper with wave lengths as abscissae. This procedure was adopted foij^ 
f 
strong solutions of concentration c«l, -; 
t 
For weaker solutions of concentrations e»l/10 the maxima were 
^ at very low log k values and absorption cells of lengths lOcms to !* 
l^m&B were required. Working with such long tubes was not considered 
quite satisfactory because i t introduced an error of op|i4s^ adjust*'-
lent and i t was extremely difficult to maintain ih& intensity of l i ^ t 
uring an exchange of the tubes. We have therefore measured these 
^slutions by taking a spectrum' ttirough the solution together m ^ e 
^pU%B with spectra of the so l , ' r^^^ t i i r ious exposure U^miMk 
tk«f spoctra thus obtaiaed were thi»» aeawar.ed by the recordit^g pb^to*:--
0^* The spectra through the solvent ohXy were utilised as intensity 
iarfca^ Ccmbwng the aboye equation I s 1^10 with Schwarzomld i^-, 
equation I^t?*l2t| we obtain kcd»p(log t^- log tg) The intersections 
If tHe plidtoraeter curTes due to the solvent on the photometer rewrds"*-
^^'^iiie csurres due to the solution then defined k for that ware length 
if 0 and d are known. Fig /. is an example of the spectrum for V I O 
solution ofHjPO^, The three more or less parallel curves are due to 
^ree exposures through the solvent with exposure times i^ /^f«^ <jf 3C sees 
respectively and the fourth curve is due to the solution with an 
etposmre time of 3^secs« It can be seen that the solvent curve with 
.^ .^secfl intersects the solution curve just on the maximum and the 
lo^ k value is therefore ^O*! for the maximum. Taking into account 
the known positions of the maxima with c *! and the density or black-
ness of the plates judged visually about three or four intensity marks 
axe generally enough to obtain a fairly accurate value of log k« 
To obtain the absorption spectra of vapours the following method 
was onployed;-
On account of the h i ^ melting point of most of the compounds a 
rather long absorption tube of dimensiohs 80x4 (MS was employed* A 
'mmXX Quantity of the substance taken in a china boat was introduced 
into the absorption tube and the usual manometer arrangement for 
^fating a vacuum was fitted up. The absorption tube after being 
placed in an electric ]»«ibt«r was first evacuated and the comparison 
spectrum taken. Then the temperature was raised to about lOO^C and 
kfept constant for about an hour with the puiip running in order to 
fficpell ajl water vapour from the salt. Then the temperature was raised 
steadi^ up to about 1000^0 and spectra taken at different temperatu« 
re^wsTThe eeiae hydrogeny^tube^was a£^» used as a source of continaous -
s|>ectrum and Hilger*s quartz spectrograph E ^ was used as the resolviag 
instrument^ The positions of the maxima of absorption were deteiroined 
from the micro«»photometer records in comparison with copper lines 
taken directly on the original plates. 
The rjpsialts of the experiments are listed in table !• 
k,i.J^M.iTO,t" ( Maxima of absorption*) 
-^SiiV : :1BI^^ lengths. Log k c^l^O Log k ct.a#l 
2630 "" " -0.3 •O.i 
.^ "^*"""2630 " " " -O^a "" -0,1 
.%« .« -
KjPQ. 2720 -0*1 
K^iPQ^ 2860"""" -O.i" 0,0 
Ki2P0. 2760 -0,7 
^'^fl ^^ ^ """" " '"" 
JgHPO^ 2970 " " " 
B, YapQurs, Diffuse maxima of absorption, 
HPO3'* 2440""' '^' ""'" "' 
KPDI 2500 " -'•-'-'"— -
y Motaplpsphorio aaid, BPO- whose strueture is similar to that of, 
nitrie eJoH iras studied first . In solution i t passes slowly into the 
ori^ li^ -.mcid* At room temperature, however, this change takes place in 
J%1 dicjrs. In solutions of ctl«0 mol HF>3 shows a maximom of 
iftion at 1^2630, in the same position as H^ PO^  , but the region 
of selective ab8orp;|ion i s imioh broader than that of HgPO^  and the 
ainimam l ies at X2400, while that of HgPO^  is at ^2540» Furthermore, 
weak solutions of H7FO4 do not show this raaximuBi and in 1 mol HPO, 
only a small percentage of HjFO^  can be present in the beginning. 
This maacifflum therefore if i t does not belong to HPn„ entirely, at least 
will be composed of H^ P©^  that of %P0^ along with a maxiraim of 
selective absorption at s l l ^ t l y longer waves than A2630» In a 
solution of concentration c a0#1 ,this maximom has been considerably 
ifeakened, and at the same time in the vapour state the selective ab« 
sorption is shifted to shorter waves with a point of inflection at 
llhis curve can be due to the covalent SPO<z molecule and 
resembles^ HNO^ very much^  only shifted s l i ^ t l y to higher frequencies. 
Main KPOg , obtained by c|ilcinating KHgPO^  , shows an exactly 
similar absorption curve in the vapour state and we conclude that the 
isolated molecules HPO^  and KPO- are bpth covsilent and resemble strong-
ly the corresponding nitrogen ccppoiinds, whereas the results obtained 
in solution are not quite conclusive on account of the transformation 
tp orthophosphoric acid and the existence of a polymerio form* 
jittention may now be drawn to the orthoacid. It possesses a steep 
and small maximum at X 2630 for c - l«0 which slowly disappears on 
dilution. From the constants of electr#lytic dissociation, k^ftl.l 10* ; 
k2%5,6 10"®; and kg* 1«2 lO"-^ ^ i t i s obvious that with dilution the 
equilibrium of the solution is shifted in the order MB^^^TSf^BS^^ 
3H*P0^  • This maximum therefore belongs to the HoPO^^ ion. 
In solutions of KHgPO^  the same maximum lies at ^2760 and in 
K2HK)4atX2860. In those of KjPO^  i t l ies at A 2720, but is much •;• 
broadened and i t is known that solutions of KgPO^  contain various ions 
particularly HgPC^  ions on account of hydrolysis, Provisi<aj|ijl|jr %e. 
e^-elate this maximom to the ^#-^ bond, Triiich we take as the.;^-0Bio» 
l^ioric group producing selective absorption at about A^OC i^v'S^ : 
" Jhe jsovalent molecules on the other ha»^»e . {Or^t0l^^^^2 
l^pipr^ ,j^At^4r# l««/ftfi to the oefitlusiea ^mii eiN^tieiia 
iif iraeio i# iji th© R4tott0s« l ies* f^m ndl^tite i ^ 
a a&aKsM at X Wm as long $fi the CHI %p# i s t^.m»^ 
it, but a eontiimoiis mA alasojrption with a point of l ^ f ^ t H 
a^t afeout X2650 only, as soon as this bond is of ootal^fe m^s^'^^ .-
^ # sane mmmr ire. obtain a oaxiiacaB at 12630 in solutii^ns df W^^^mt^ 
^ 1 ^ 1 ^ pueima dne to the various ions formed by fi^l^4 dissel«eA im i 
iNtter« bnt oontinaous end absorption only in the Tapours ©f KKL^  the 
i^ asids and their organic e s t ^ s , %e main difference i^ioh s t i l l 
1 ^ % be aeconnted for , is that the maxiiauiB of the nitrate ion — 
alvays shows the seme wave length in the same solrent iribereas here the 
ware length Tfiuries, This fact appears to be oonneoted with the raryii^ 
mraber of P«0-^ bonds in the same moleenle* 
In erder to establish that indeed an anion acts as ehr^ophoris ' 
giromp for the maximum at about X 2700, we have measured the absorption 
of K^PO^ in aqueous solutions in the presence of rarious foreign ions 
In water sdone the maocimiaa l ies at X2870* In a solution of NaBr 
( the conoentration of NaBr being 0.1 ) at ^2840; in KaCl solution 
jBtt concentration 0,1 at X2850, these *two curves being close together* 
In a solution of KCl of concentration 0,1 the Baximum is at X2800 
1^-Jfehis curve is quite clearly shifted towards the shorter wave l©ii|p* 
<^ Et« !Oiis shows that the ehai^e of the positive ion produces a i^ange 
in iM9 aliserption curve i^wreas a change in the negative ion 01 or Br 
^ l i t t l e or no influence* The chromophoric group therefore will be 
i| n«^ative ion, since particularly at such low concentrations, only 
^ /* 
a nei^tife ion can be surrounded by a cloud of positive ions lilte those 
®f Ma* or KI 
finally the results in solutions of c » 0 , l compared with those of 
©al#0 which have been listed above , show, that the selective mtsx^^ 
i^^eases i t s intensity (log k values) with dilution i s all confounds 
n<m« of them obeying Beer*8 hm^ This certainly ^^ s^Ulcates, M ^ ^ ^ 
m^lsiit beloi^s to an eleetr©va|,eii form the p«?^tage of 
*lMr©4S©d with diluti©a, 
i% i s assumed ^at i i l ^ t ^ - a n d i'^jMllts b«^*^^ 
^ ® 0 , and ^©tr •^tn r e spec^gt* The e l ^ | 
5a I I 
r t l i ^ •* a diffuse on© only at shorter ware lei^tfet* t i ^ 
«@»centratio« the jauab^ r of ^fl|iml©B of the eeft^mf 
^m4 In the tapour state the ortho atid i s entirely ©^Ta» 
i ^ ^ s o are i t s orgaaie esters* fhe faet that ea^ moli^le ea& 
more than one eleetrovalent bond does not esseii|itl|y 4^^^^ 
the behariour of the molemile« 
this eonelusion is supported by the fact that also lyro |fee*|i©» 
^ # i^id H^ PgO.^  » (*»^»g-<»*/*^ows a similar maiifflum at \ 2580^  l i l ^ 
©ai^  here one of the OH bonds is replaced by an ## 0»P bond* icre* 
eirer also KgHPOj, i . e , the ion HPO^  must have essen^aliy the sm^ ^•'^ 
^itpMitare sinoe i t shows a similar maximum at ^ 2970• Ihii^igrees tery 
veil with the dibasieity of the acid known from chemical reactions 
and ^ermocheraical experiments and is a further indication that ]^8* 
pherous acid is a deriTatire not of toTTalent but of pentavfuM t^ 
phoB^orus with the formala . ^ P^^"^ 
ibeut the difference in the actual position of the maxima not 
much can be said« It i s obYious that a ^ n the various effects , de8» 
eribed in part ene of this thesis, will play a role and will oeunter 
act eaclj^ther. We may assume that botti the solutions of M^^ and 
%^4 ^^^ ®^ ®*^ ® P^ ^^  ^^ ® ®ain by HgPO^  ions, the maxima, howe?er, 
V« uot at the same position but at 5^ ^ 2760 and 2630 respeetirely, 
Ifeis will be due to the fact, that the one solution contains KI ^e^ *-
other H ions. The hydrogen i©n will collect a greater number of water 
meleoules and therefore hare the bigger del^drating effect, i&ieh, as 
hs^ been seen, i s bound to shift ^ e maximum towards shorter wave *^  
* * * * 
lengths* On the other hand the maximum of K^BK)^ i.e. of i^e IfidJ iea 
Jflea at still longer waves viz X 2860. This must be due to the defer* 
ming influence by which the two ionic bonds act on eacl^ther. It has 
been seen in part Jm that according to the rule of Fajans and Joes 
a negative ion in the field of a positive one consolidates its eleo« 
tronic structure and all energies of excitation getting increased^ 
the SKc^aa are shifted towards shorter waves. This is the normal 
behavicur cf ions of unlike charge forming pairs in streag solutions^ 
Here now it happens that two negative ions of like charge are kept 
together and cannot increase the distance between them because bo^^; 
t%>l<^ to the same complex molmlf^ T|^,i^eaite condit^^ 
i^nel. ^ eleetroni^ eenfifs^ratioB gets loos^imd wnd t^e 
f^0J^%ml9ml9 nhii^ h pess^sses two eleetroTaXtfnt )9«Dilir i« •• 
i^f^l^Mfee^B red if dompared with that which exhibits only ene of 
,il^|^^,j^i^^ few reistarki however» do not aim at an explanation; the 
l|l|^iil^|rf arailable data is s t i l l vsuck too aaall and a thenK^Atieal 
lll^li^retation of these more complicated phenomena cannot be giTeB# 
It Just shows in irtiich direction an explanation should be looked for 
at s later date* 
::-;t %e,fafit, however, appears to be worthy of note « Generally it . if- / 
found that the spectra of homologous molecules as a whole shift %mnf4B 
longer wares with increasing mass and decreasing exeitfttiJSfB ^r hM 
fB^^^e|i« Itoerous examples, from the halogen molecules to the eoifr* 7 
pliisted organic molecules can be quoted as instances* 1|^«i j'hoin^^t. 
we see that the seleetiTe absorption of the electrovalent formaii . 
»11 as the continuous end absorption of the eoralent fofm are at 
iorter wares than those of the nitrates. For these i t has been assa)^ 
ed profisionally that the spectra correspond to a splittir^ off of 
n oxygen atcmi which occurs for the covalent form e*g* N^ Og or Kitro; 
eapp^ onds with an energy of 69 Kcal/feol. Reliable thermo(^eBlcal data 
or a compsu-ison with the corresponding compounds of phosphorus are 
^^ t ,lt»i*l*bl*« "Ki® ^ eat of formation of 1/2 ^2^^ ** m^^mic^ to ;^  
185 Koal/mol but for 1/2 QCPaOs) Mellor mentions two rallies o f - t t r l ^ 
£g^^^Hl4.,Mf|r reepeetirely, i«e« 37 and 122 Koal/mol, and both are ^ 
given as unreliable* It can be seen, however, that Ifee energy diffel.-
#en®e 1/2 D (P2O5)* i / 2 D(P2^ S) with both figures yields a value 
hi#i9r than the corresponding value of 69 Kcal/mol for nitrates* 
Setting up Bern's cycle to obtain the atomic energies of forma-
tion for both molecules, all figures will cancel with the exception 
of 1/Z DCO2) an<i h^® energies of sublimation of the two molecules* 
Assuming the latter ones to be of the same order, we for© the diffe-fc-
siE^ces of the Q values, i*e* 185-37 *148 and 185-122» 63 and add 
1/2 1X02) ji 58* The energy for the 8^ )11 tting off of an oxygen atom 
will therefore be on the basis of ti ise figures; either 200 ei^vl^l. 
Kcal/bol, i«e« higher than for the^iiitrates* This may explli^ the « 
shift of the spectnan towards sh^j^ ipr^s , but of course ii^^^ 
not explain, ifhy the iRo bond shali^^^^^p||r t^a ^ « M»0 bond* 
Other thermochenical data are however, ^^^^M^i^^i^ , fpmpounds 
"-^;?.. 
^^If f to ottr miwi it i« I^JT »o memn ol«ar jet «fe®:M^i 
t»l process really mm^m a B»Q bond. 
'-" min result of th# present pieoe of work ttiere^i^^^if %ifc 
Sflap^a the acids, salts aad esters formed by phosphorus s m ^mm^ 
frowed by nitrogen there is no essential difference in behariialir W : 
^^itl^im^4 !Hjis is quite interesting in itself. As. has been tmx^^^ 
in part I, there exists in chemistry a school of thought that claims 
an exception for the atoms of the period Li to F which shall exhibit 
.^f^ ,e?: ^ oYalencies than those of the higher periods e,g. Ma to G U fhis 
exception originally deriTed from the Octet rule appeared tp be sup-
ported by certain wavemeohanical considerations of London. Aceording 
t® the theory of Hex tier and London'*' ch^nical combination is brou^t 
^^ut by the coupling of spin vectors of the constituent atoas* Since 
J^^ i«iyci«al population of a p shell is six, only three electrons with 
tiap^red spins are possible in it and any numerical yaleney higher 
,t^m tb|ree has to make use of the next d shell, e«g. sulphur in its 
^ound leirel 3s 3p possesses only two electrons with unpaired spin, 
. ^ f.^er two p electrons forming a closed orbital and London ass* 
fped that tetr^redeney of 8 inrolyes the configuration 3s^3p^3d* 
i^ftsphorus with 3s 3p S is accordingly trivalent and becomes penta^ 
talent only by fissuring the s^ group. The excitation of an s elee* 
^1^^,however, does not bring it to 3p where it would counterbalance 
spin of one of the other ones but yields according to this concep* 
tion the configuration 3aip^3d, Since a 2d shell does not exist, a 
^ ^ B ^ ^ ^ procedure is not possible for nitrogen and it was thought, that 
*;^8 supports a theory in which N is not able to exhibit five covalent 
bonds while this is possible for P» The whole conception is, however, 
not quite correct. It is valid for diatomic molecules only and indeed 
=1^ M ^ e s t number of p-p bonds ever observed in diatomic molecules 
is three* In polyatomic molecules, however, where the field possesses 
more thew one favoured direction, other rules for the unpairing of 
' spftts are brought about by Pauli*s principle. This can be seen e#g» 
'^m^M0 ground level of Sp, which possesses two unpaired electrons 
^ the fact that it involves two S atoms in their ground level 
-«>. 
-^*'! 
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